


1. 
* 

c 

C ' q b  

EFINS 64-46 

A COXTAMLNATED METEORITE 

Edward Anders,  Eugene R. DuFresne, and Ryo ich i  Hayatsu 

E n r i c o  Fermi I n s t i t u t e ,  U n i v e r s i t y  of Chicago 
Chicago,  I l l i n o i s  60637 

A l b e r t  C a v a i l l g  

Mus6e d ' H i s t o i r e  N a t u r e l l e  d e  Montauban 
Tarn-et-Garonne, France  

Ann DuFresne 

Department of Chemistry,  Georgetown U n i v e r s i t y  
Washington, D.C.  

. Frank W. F i t c h  

Department of Pa tho logy ,  U n i v e r s i t y  of Chicago 
Chicago,  I l l i n o i s  60637 

Submit ted  t o  S c i e n c e  

September 1964 

NASA Grant  NsG-366 Research  



A Contaminated M e t e o r i t e  

9 

I 
I * 

A b s t r a c t .  One s t o n e  of  t h e  O r g u e i l  m e t e o r i t e  shower c o n t a i n s  a n  

a s s o r t m e n t  of  b i o g e n i c  m&t-erials< c o a l  f r agmen t s ,  s e e d  c a p s u l e s  ._ _ _ r  - 

of t h e  r e e d  Juncus  conglomera tus ,  o t h e r  p l a n t  f r a g m e n t s ,  and a n  

o p t i c a l l y  a c t i v e ,  w a t e r - s o l u b l e  p r o t e i n  mater ia l  r e s e m b l i n g  

c o l l a g e n - d e r i v e d  g l u e s .  T h i s  sample seems t o  have been acci-  

d e n t a l l y  or d e l i b e r a t e l y  contaminated  s h o r t l y  a f t e r  t h e  f a l l  

of t h e  m e t e o r i t e  i n  1864. 

On August 13, 1962, one of u s  (ADF) o b t a i n e d  a sample o f  

t h e  O r g u e i l  carbonaceous  c h o n d r i t e  f rom t h e  Mus6e d ' H i s t o i r e  

N a t u r e l l e  a t  Montauban, France .  T h i s  sample was a s i n g l e  s t o n e  

of  t h e  O r g u e i l  shower of May 1 4 ,  1864. According t o  t h e  r e c o r d s  

of  t h e  Museum, t h i s  s t o n e  (#9419) f e l l  n e a r  P e i l l e r o t ,  and was 

t u r n e d  o v e r  t o  t h e  Museum by Mai t r e  F&i&,  Mayor of  Campsas, on 

some d a t e  between May 27 and June 12 ,  1864 (F ig .  1). T h i s  s t o n e ,  

we igh ing  34 grams, t o g e t h e r  w i t h  a n  80-gram s t o n e  (#9420) ,  was 

A 

s t o r e d  i n  a s e a l e d  g l a s s  d i s p l a y  j a r  from 1864 u n t i l  t h e  s p r i n g  

of 1962,  when t h e  j a r  was opened by one of  u s  (AC), and t h e  80- 

gram s t o n e  w a s  s e n t  t o  P r o f .  B. Nagy of  Fordham U n i v e r s i t y .  The 

j a r  w a s  c l o s e d  b u t  n o t  resealed,  and remained i n  t h e  O r g u e i l  

e x h i b i t  o f  t h e  Museum d u r i n g  t h e  summer of  1962. 

* L i k e  most o t h e r  O r g u e i l  s t o n e s ,  t h e  34-gram s t o n e  had 

crumbled d u r i n g  s t o r a g e .  I n  l a t e  J u l y  1962, s e v e r a l  grams were 

s e n t  t o  D r .  Deunff ,  m i c r o p a l e o n t o l o g i s t  a t  Rennes, France .  A 

few weeks l a t e r  t h e  r ema in ing  f r agmen t s ,  compr i s ing  25.5 grams, 

were b rough t  t o  Chicago.  The l a r g e s t  s i n g l e  f ragment  weighed 
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10 .8  grams and was covered  t o  about  o n e - f i f t h  of i t s  area w i t h  

what appeared  t o  be f u s i o n  c r u s t  ( F i g .  2 ) .  

When w e  examined t h e  sample i n  Chicago,  w e  found i t  to 

c o n t a i n  s e v e r a l  l igh t -brown p a r t i c l e s ,  up t o  s e v e r a l  m i l l i m e t e r s  

i n  s i ze ,  u n l i k e  any w e  had e v e r  s e e n  i n  o t h e r  samples  of t h e  

O r g u e i l  m e t e o r i t e .  Some of t h e s e  appeared  t o  be b i t s  of  g r a v e l ,  

and o t h e r s ,  p l a n t  f r agmen t s .  Two such  s t r u c t u r e s ,  r e s e m b l i n g  

seed c a p s u l e s ,  are  shown i n  F igs .  3a, b and 4. Both were f i r m l y  

embedded i n  t h e  b l a c k  m e t e o r i t i c  m a t r i x .  A t h i r d  c a p s u l e ,  o f  

a d i f f e r e n t  s p e c i e s ,  w a s  found among t h e  l o o s e  f r agmen t s  (F ig .  

5 ) .  Although i t  was no t  embedded i n  m e t e o r i t i c  ma te r i a l ,  

s e v e r a l  black p a r t i c l e s  were f i r m l y  a t tached t o  i t .  I t  seems 

t h a t  i t ,  t o o ,  had o r i g i n a l l y  been embedded i n  t h e  m e t e o r i t e ,  

bu t  had become exposed when t h e  m e t e o r i t e  crumbled a p a r t .  

S i m i l a r  p l a n t  f r agmen t s  were independen t ly  d i s c o v e r e d  by D r .  

Deunff i n  h i s  p o r t i o n  of t h e  s t o n e  #9519. 

Also  found i n  t h e  s a m p l e  were s e v e r a l  c o a l  f r a g m e n t s .  The 

m a j o r i t y  of  t h e m  were l o o s e l y  d i s p e r s e d ,  bu t  one was d e e p l y  

embedded i n  t h e  l a r g e  m e t e o r i t e  f ragment  shown i n  F ig .  2. That  

t h i s  mater ia l  w a s  i ndeed  c o a l  was conf i rmed i n d e p e n d e n t l y  by 

D r s .  E.  Olsen  and H. P. Schwarcz, bo th  of  whom obse rved  bedding  

p l a n e s ,  p y r i t e  c r y s t a l s ,  and o t h e r  f e a t u r e s  c h a r a c t e r i s t i c  of 

c o a l .  

S i n c e  t h e  p l a n t s  were unmis takenly  b i o g e n i c ,  o n e  might  

s u s p e c t  t h a t  t h e  p l a n t -  and c o a l - b e a r i n g  f r a g m e n t s  were n o t  

m e t e o r i t e ,  bu t  b i t s  of  s o i l  i n a d v e r t e n t l y  p i cked  up w i t h  t h e  
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m e t e o r i t e .  T h i s  i d e a  seemed p l a u s i b l e ,  s i n c e  t h e  m e t e o r i t e  

does  have a d a r k  c o l o r ,  s i m i l a r  t o  humus-rich s o i l  ( 1 ) .  

However, i t  was q u i c k l y  r u l e d  o u t  by o p t i c a l  and x-ray d i f -  

f r a c t i o n  examina t ion  of  t h e  p l a n t - b e a r i n g  f r a g m e n t s .  The  

o n l y  m i n e r a l s  p r e s e n t  i n  q u a n t i t y  were t h o s e  making up t h e  

bu lk  of  O r g u e i l ,  i . e .  magne t i t e ,  a l a y e r - l a t t i c e  s i l i c a t e  

[ "Orgue i l  LM" ( 2 ) ] ,  epsomi te ,  gypsum, t r o i l i t e ,  and s u l f u r .  

A few g r a i n s  of  q u a r t z  and p l a g i o c l a s e  (no rma l ly  a b s e n t  i n  

O r g u e i l )  were a l s o  found,  s u g g e s t i n g  a s l i g h t  amount of  

c o n t a m i n a t i o n  by t e r r e s t r i a l  s o i l .  

These f i n d i n g s  w e r e  somewhat p u z z l i n g .  Three  a l t e r n a -  

t i v e  e x p l a n a t i o n s  s u g g e s t e d  themse lves  f o r  t h e  o r i g i n  of  t h e  

p l a n t  f r agmen t s  and c o a l  embedded i n  t h e  m e t e o r i t e .  

1. They were e x t r a t e r r e s t r i a l .  

2 .  They were i n t r o d u c e d  i n t o  t h e  s t o n e  a c c i d e n t a l l y ;  

as ,  by p l a n t s  growing t h r o u g h  t h e  s t o n e .  

3. They were i n t r o d u c e d  i n t o  t h e  s t o n e  by human 

i n t e r v e n t i o n ,  e i t h e r  i n  a n  a t t e m p t  t o  r e p a i r  a 

broken specimen,  or as  a d e l i b e r a t e  hoax. 

The f irst  p o s s i b i l i t y  w a s  i n i t i a l l y  viewed w i t h  some 

f a v o r ,  s i n c e  t h e  p l a n t  f ragments  proved d i f f i c u l t  t o  i d e n t i f y .  

However, s u c h  f r a g m e n t s  are not  e a s y  t o  i d e n t i f y  o u t  of the i r  

n a t u r a l  s e t t i n g ,  u n l e s s  t h e  pe r son  c o n s u l t e d  happens t o  be 

e s p e c i a l l y  fami l ia r  w i t h  t h e  genus i n  q u e s t i o n .  We were n o t  

able  t o  o b t a i n  a p o s i t i v e  i d e n t i f i c a t i o n  u n t i l  February  1963, 

when t h e  sample w a s  r e t u r n e d  t o  Montauban, and w a s  r e c o g n i z e d  
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by one of  u s  (AC) as be long ing  t o  a l o c a l  r e e d ,  Juncus  

conglomera tus  Linn .  ( F i g .  6 a ,  6b) (3). T h e  second c a p s u l e  

( F i g .  5) seemed t o  resemble Alchemi l l a ,  a l t h o u g h  t h e  i d e n t i f i c a -  

t i o n  w a s  no t  as d e f i n i t e  i n  t h i s  case. 

Whi le  w e  canno t  comple te ly  r u l e  o u t  a chance  resemblance 

between a t e r res t r ia l  and an  e x t r a t e r r e s t r i a l  p l a n t ,  w e  b e l i e v e  

t h a t  t h e  s i m i l a r i t y  of t h e  m e t e o r i t i c  c a p s u l e s  t o  Sou the rn  

French  p l a n t s  p o i n t s  ra ther  s t r o n g l y  t o  t e r r e s t r i a l  contamina-  

t i o n ,  a c c i d e n t a l  or del iberate .  

The second p o s s i b i l i t y ,  con tamina t ion  by p l a n t  growth,  

seems h i g h l y  u n l i k e l y .  P l a n t s  c o u l d  have grown o n l y  i n  a 

moi s t  envi ronment ,  and t h e  Orgue i l  m e t e o r i t e  is known t o  d i s -  

i n t e g r a t e  i n  a matter of  minutes  upon e x p o s u r e  t o  water. Also ,  

i t  is s u r p r i s i n g  t h a t  o n l y  s e e d  c a p s u l e s  were p r e s e n t  i n  t h e  

m e t e o r i t e .  A g l a n c e  a t  F ig .  6b shows t h a t  t h e  Juncus  c o u l d  n o t  

have grown t h r o u g h  t h e  meteorite w i t h o u t  a t t r a c t i n g  some 

a t t e n t i o n .  Did t h e  f i n d e r  t r i m  o f f  t h e  r ema in ing  p a r t s  of t h e  

p l a n t ,  t h e r e b y  c o n c e a l i n g  t h e  e x t r a n e o u s  o r i g i n  of t h e  c a p s u l e s ?  

T h i s  i n  i t s e l f  would c o n s t i t u t e  a hoax. Moreover, t h e  c o a l  

f r a g m e n t s  c o u l d  scarce ly  have "grown" i n t o  t h e  m e t e o r i t e .  

T h i s  l e f t  t h e  t h i r d  p o s s i b i l i t y ,  t h a t  t h e  sample had been 

a l te red  by humans, as t h e  on ly  a l t e r n a t i v e .  O r g u e i l  is v e r y  

f r i a b l e ,  and d i s i n t e g r a t e s  r e a d i l y  i n  water.  If t h e  m e t e o r i t e  

were mois tened  w i t h  water u n t i l  i t  a t t a i n e d  a p a s t y  c o n s i s t e n c y ,  

i t  might  w e l l  be p o s s i b l e  t o  mold f o r e i g n  o b j e c t s  i n t o  i t  which  

would remain f i r m l y  embedded a f t e r  d r y i n g .  P o s s i b l y  t h e  epsomi te  
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i n  t h e  m e t e o r i t e ,  compr i s ing  about 15% of t h e  t o t a l  w e i g h t ,  

might  act  a s  a b i n d e r .  T e s t s  showed t h a t  t h e  #9519 mater ia l  

cou ld  e a s i l y  be molded i n t o  f a i r l y  h a r d  and c o h e s i v e  p e l l e t s  

which were somewhat l ess  f r i a b l e  t h a n  s imi la r  p e l l e t s  made 

from "normal" O r g u e i l .  T h i s  g r e a t e r  f i r m n e s s  is n o t  due t o  

a d i f f e r e n c e  i n  t h e  epsomi te  c o n t e n t ,  which is v i r t u a l l y  t h e  

same i n  t h e  #9519 s t o n e  (14.7%) and normal O r g u e i l  (15-17%). 

C u r i o u s l y ,  these  s t o n e s  seemed t o  d i f f e r  i n  t h e i r  c o n t e n t  of 

w a t e r - s o l u b l e ,  u l t r a v i o l e t - a b s o r b i n g  o r g a n i c  matter,  however. 

The s p e c t r a  were f e a t u r e l e s s  and  v e r y  s i m i l a r ,  bu t  t h e  s p e c i f i c  

abso rbance  o f  t h e  89519 e x t r a c t  w a s  about  7 t i m e s  g r e a t e r  t h a n  

t h a t  o f  normal O r g u e i l .  

Q u a l i t a t i v e  tes ts  i n d i c a t e d  t h a t  t h e  e x c e s s  abso rbance  

was l a r g e l y  due t o  amino acids ( 4 ) .  An amino acid a n a l y s i s  

by t h i n  l a y e r  chromatography revealed some i n t e r e s t i n g  d i f -  

f e r e n c e s  between normal O r g u e i l  and t h e  #9519 material  ( 5 ) .  

Not o n l y  w a s  t h e  t o t a l  l e v e l  h i g h e r  by a f a c t o r  of  =8 (210 ppm 

v s .  25 ppm), bu t  c e r t a i n  amino a c i d s  s u c h  as a r g i n i n e ,  a s p a r t i c  

a c i d ,  and p r o l i n e  were enhanced t o  a d i s p r o p o r t i o n a t e l y  h i g h  

degree ( F i g .  7 ) .  These  d i f f e r e n c e s  can  h a r d l y  be a t t r i b u t e d  

t o  sample v a r i a b i l i t y ,  s i n c e  our  a n a l y s i s  of  normal O r g u e i l  

(shaded b a r s  i n  F ig .  7 )  a g r e e s  remarkably w e l l  w i t h  t h e  a n a l y s i s  

of  a n o t h e r  O r g u e i l  s t o n e  by Kaplan, Degens, and Reu te r  (6)  

( w h i t e  bars  i n  F ig .  7 ) .  Moreover, h y d r o x y p r o l i n e ,  which was 

u n d e t e c t a b l e  i n  normal O r g u e i l  was p r e s e n t  i n  s u b s t a n t i a l  

amounts i n  sample #9519. T h i s  amino acid is an  impor t an t  and 
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h i g h l y  c h a r a c t e r i s t i c  c o n s t i t u e n t  of  c o l l a g e n ,  and hence of 

v a r i o u s  an imal  g l u e s  and g e l a t i n .  

To i n v e s t i g a t e  t h e  p o s s i b i l i t y  t h a t  sample  #9519 had 

been contaminated  w i t h  an animal  g l u e ,  w e  examined a water 

s o l u t i o n  o f  t h e  amino a c i d  f r a c t i o n  f o r  o p t i c a l  a c t i v i t y  a t  

a wavelength  of 5460 A .  A d i s t i n c t  r o t a t i o n ,  a = -0.0055' f 

0.001" ,  was found i n  t h e  w a t e r  ex t r ac t .  T h i s  r e s u l t  a g r e e s  

0 

r a t h e r  w e l l  w i t h  t h e  t h e o r e t i c a l  v a l u e  (7)  of -0.0064', cal-  

c u l a t e d  on t h e  assumpt ion  t h a t  a l l  amino a c i d s  d e t e c t e d  i n  

#9519 a r e  t h e  1-isomers normally found i n  t e r r e s t r i a l  l i v i n g  

mat ter .  Owing t o  t h e  s t r o n g  pH-dependence of o p t i c a l  r o t a -  

t i o n  of amino a c i d s ,  o n l y  an  u n d e t e c t a b l y  s m a l l  r o t a t i o n ,  

+0.00018', would be expec ted  i n  1 N  HC1 ( 7 ) .  Indeed ,  no 

o p t i c a l  a c t i v i t y  w a s  found when t h e  sample w a s  remeasured i n  

1 N  HC1.  

I n  t h e  normal O r g u e i l  sample,  no o p t i c a l  a c t i v i t y  w a s  

de tec ted .  Although t h e  expec ted  r o t a t i o n  f o r  a t e r r e s t r i a l  

assemblage  was o n l y  s l i g h t l y  l a r g e r  t h a n  t h e  s e n s i t i v i t y  of 

our i n s t r u m e n t ,  i . e .  -0.0016" v s .  0 .001",  i t  seems l i k e l y  

t h a t  m o s t  or  a l l  of t h e  amino a c i d s  i n  normal O r g u e i l  are 

racemic. 

Apparen t ly  sample #9519 has been con tamina ted  w i t h  a 

w a t e r - s o l u b l e  p r o t e i n  of animal  o r i g i n .  Co l l agen  t y p i c a l l y  

c o n t a i n s  abou t  5-15% hydroxypro l ine ,  s o  t h a t  t h e  observed  

q u a n t i t y  o f  t h i s  amino a c i d ,  15  ppm, would seem t o  co r re spond  

t o  no  more t h a n  100-300 ppm of p r o t e i n .  But t h e  a c t u a l  amount 

may w e l l  have been l a rge r ,  30.1% o r  more, s i n c e  t h e  h y d r o l y s i s  
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was carr ied o u t  under  r e l a t i v e l y  m i l d  c o n d i t i o n s  where p a r t  

of t h e  p r o t e i n  would r e m a i n  undecomposed. 

What seemed t o  speak  most s t r o n g l y  a g a i n s t  t h e  contamina- 

t i o n  h y p o t h e s i s  w a s  t h e  p re sence  of f u s i o n  c r u s t  on t h e  coal- 

b e a r i n g  specimen i n  F i g .  2 .  However, t h i s  c r u s t  d i f f e r e d  i n  

some impor t an t  r e s p e c t s  f rom t h e  f u s i o n  c r u s t  of o t h e r  O r g u e i l  

s t o n e s .  

The  heat g e n e r a t e d  d u r i n g  f l i g h t  t h rough  t h e  a tmosphere  

which m e l t e d  t h e  s u r f a c e  mater ia l  of normal O r g u e i l  s t o n e s  t o  

produce  t h e  f u s i o n  c r u s t  caused s e v e r a l  p rofound changes  t h a t  

a re  almost i m p o s s i b l e  t o  o b t a i n  by o ther  means. F i r s t ,  t h e  

m i n e r a l  c o m p o s i t i o n  w a s  a l tered:  t h e  l a y e r - l a t t i c e  s i l i c a t e  

( O r g u e i l  LM) w a s  dehydra t ed  and c o n v e r t e d  t o  o l i v i n e ;  t h e  

m a g n e t i t e  w a s  p r o g r e s s i v e l y  o x i d i z e d  t o w a r d s  Y-Fe 0 * a c c e s s o r y  
2 3' 

m i n e r a l s  ( t r o i l i t e ,  d o l o m i t e ,  b r e u n n e r i t e ,  t h e  c a l c i u m  and 

magnesium s u l f a t e s )  were d e s t r o y e d ;  e l e m e n t a l  s u l f u r  was d i s -  

t i l l e d  away, e t c .  Second,  t h e  morphology of t h e  s t o n e s  w a s  

changed: t h e  c r u s t  is i n  some l o c i  wr ink led  i n  appea rance  due 

t o  s l a g - l i k e  threads or r i d g e s ;  i n  o thers  pocked w i t h  p o r e s  due  

t o  o u t g a s s i n g  d u r i n g  t h e  chemical  p r o c e s s e s  mentioned above ;  

i n  s t i l l  others  c i n d e r y ,  w i t h  a bubbly t e x t u r e  r e s e m b l i n g  l a v a .  

T h e s e  g e n e r a l i z a t i o n s  are based on  a s t u d y  by one  of us  (ERDF) 

of o v e r  100  carbonaceous  c h o n d r i t e  i n d i v i d u a l s  i n  t h e  Washington, 

Ch icago ,  P a r i s ,  and Montauban museums. 

I n  c o n t r a s t ,  t h e  sample i n  q u e s t i o n  d i s p l a y s  a " c r u s t "  

w i t h  none of  these c h a r a c t e r i s t i c s .  X-ray d i f f r a c t i o n  showed 
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i t  t o  c o n t a i n  O r g u e i l  LM, n o t  o l i v i n e ;  s a l t s  were s t i l l  p r e s e n t ;  

p l a t e s  of  t r o i l i t e  were s e e n  on t h e  o u t e r  s u r f a c e  of t h e  i n t a c t  

" c r u s t ' ? ;  s u l f u r  w a s  found embedded i n  i t  ( a s  e u h e d r a l  o r t h o -  

rhombic c r y s t a l s ,  m e l t i n g  p o i n t  114"CI)  r a the r  t h a n  d e p o s i t e d  

on i t ;  t h e  w r i n k l e s ,  p o r e s ,  and b u b b l e s  were a b s e n t ,  e t c .  What 

is  even more s i g n i f i c a n t ,  a p i e c e  of genu ine  f u s i o n  c r u s t  w a s  

found i n  t h i s  specimen,  embedded a t  r i g h t  a n g l e s  t o  t h e  p u t a t i v e  

c r u s t ,  s o  l o o s e l y  attached t h a t  it soon  f e l l  o f f .  

The  m e t e o r i t i c  mater ia l  i t s e l f  a l so  d i f f e r e d  somewhat from 

normal  O r g u e i l ,  bo th  m a c r o s c o p i c a l l y  and m i c r o s c o p i c a l l y ,  Although 

t h e  t o t a l  epsomi te  c o n t e n t  of  s t o n e  #9519 w a s  q u i t e  normal ,  t h e  

t e x t u r a l  d i s t r i b u t i o n  o f  t h i s  s a l t  w a s  d e f i n i t e l y  u n u s u a l .  The 

w h i t e  e f f l o r e s c e n c e  and v e i n i n g ,  wh ich  is cha rac t e r i s t i c  of  

O r g u e i l ,  w a s  comple t e ly  l a c k i n g .  I n  t h i n  s e c t i o n ,  v e r y  l i t t l e  

e p s o m i t e  w a s  v i s i b l e ,  and t h e  t e x t u r e  looked somewhat d i s t u r b e d .  

A q u a r t z  g r a i n  w a s  p r e s e n t  i n  t h e  s e c t i o n  ( i d e n t i f i e d  by Drs. K .  

F r e d r i k s s o n ,  Bo Mason, and B. Nagy). Toge the r  w i t h  t h e  q u a r t z  

and p l a g i o c l a s e  g r a i n s  mentioned p r e v i o u s l y ,  t h i s  c o n s t i t u t e d  

e v i d e n c e  f o r  t h e  p r e s e n c e  of  matter normal ly  f o r e i g n  t o  O r g u e i l .  

The c o a l  f r a g m e n t s ,  t o o ,  a r e  a lmos t  c e r t a i n l y  t e r r e s t r i a l .  

S i n c e  c o a l  was n o t  used  as a household f u e l  i n  s o u t h e r n  F rance  

d u r i n g  t h e  1 8 6 0 7 s ,  b u t  was t o  be found main ly  i n  b l acksmi ths '  

f o r g e s ,  i t  is n o t  a v e r y  l i k e l y  a c c i d e n t a l  con taminan t .  

The re  c a n  be l i t t l e  q u e s t i o n  t h a t  s t o n e  #9519 h a s  been 

c o n t a m i n a t e d .  Most p robab ly ,  t h e  c o n t a m i n a t i o n  o c c u r r e d  i n  

1864,  s h o r t l y  b e f o r e  o r  a f t e r  t h e  m e t e o r i t e  w a s  p u t  i n  t h e  
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museum. However, w e  have n o t  been able  t o  e s t a b l i s h  w i t h  cer- 

t a i n t y  whether  t h e  con tamina t ion  w a s  i n a d v e r t e n t  or del iberate .  

I n a d v e r t e n t  c o n t a m i n a t i o n  r e q u i r e s  t h a t  someone p i cked  up a 

p a r t l y  d i s i n t e g r a t e d  s t o n e  a l o n g  w i t h  some p l a n t  and coal f r a g -  

ments and some g l u e ,  bu t  v e r y  l i t t l e  s o i l .  He  must t h e n  have 

moistened t h e  specimen,  enough t o  r e n d e r  i t  p l a s t i c ,  bu t  n o t  

enough t o  c a u s e  l o s s  of epsomi te ,  and molded i t  back i n t o  

shape .  He  must have t a k e n  some p a i n s  w i t h  t h e  j o b  t o  produce  

such  a remarkably  good i m i t a t i o n  of  f u s i o n  c r u s t .  

D e l i b e r a t e  c o n t a m i n a t i o n  ca l l s  f o r  much t h e  same sequence  

of  e v e n t s ,  e x c e p t  t h a t  t h e  con taminan t s  are assumed t o  have 

been i n t r o d u c e d  i n t e n t i o n a l l y .  Was t h e r e  a mot ive  f o r  s u c h  a 

del iberate  hoax? Pe rhaps .  I n  A p r i l  1864,  o n l y  a f e w  weeks 

b e f o r e  t h e  f a l l  o f  O r g u e i l ,  P a s t e u r  d e l i v e r e d  b e f o r e  t h e  

French  Academy h i s  famous l e c t u r e  on t h e  spon taneous  g e n e r a t i o n  

of l i f e  (8). On May 31, 1864, s e v e n t e e n  days  a f t e r  t h e  f a l l  of 

O r g u e i l ,  Cloez  (9 )  p u b l i s h e d  a n  a n a l y s i s  of t h e  m e t e o r i t e  
1 1  

where in  he no ted  t h e  p r e s e n c e  of mater ia l s  r e s e m b l i n g  humic ac id .  

H e  s u g g e s t e d  t h a t  t h i s  imp l i ed  t h e  e x i s t e n c e  of l i f e  on t h e  mete- 

o r i t e  p a r e n t  body. T h i s  r e p o r t  may c o n c e i v a b l y  have i n s p i r e d  

a p e r s o n  of  t h e  p r o p e r  d i s p o s i t i o n  ( e i t h e r  a l o c a l  r e s i d e n t  or a 

v i s i t o r  i n t e r e s t e d  i n  t h e  m e t e o r i t e  f a l l )  i n t o  p l a y i n g  a l i t t l e  

p r a c t i c a l  j o k e  on t h e  s c i e n t i s t s .  Somehow t h e  p l o t  f a i l e d ,  and 

t h e  con tamina ted  s t o n e  went unrecognized  f o r  98 y e a r s .  A t t r a c t i v e  

though  t h i s  h y p o t h e s i s  may be ,  w e  have found no s u p p o r t  f o r  i t  

i n  t h e  l o c a l  newspapers  of t h e  t i m e .  Although t h e  d i s i n t e g r a t i o n  

of  t h e  m e t e o r i t e  upon exposure  t o  water was soon n o t e d  ( l o ) ,  no 
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r e f e r e n c e  of e x t r a t e r r e s t r i a l  l i f e  was found i n  "Le C o u r r i e r  d e  

Tarn-et-Garonne" and "Comptes Rendus S o c i e t 6  S c i e n c e s ,  A g r i c u l t u r e  

e t  B e l l e s - L e t t r e s  de  Tarn-et-Garonne." (10)  

Both p o i n t s  of  view have t h e i r  merits, and w e  s h a l l  t h e r e -  

f o r e  l e t  e a c h  reader follow h i s  own p r e f e r e n c e  i n  d e c i d i n g  whether  

t h e  c o n t a m i n a t i o n  w a s  a c c i d e n t a l  or d e l i b e r a t e .  

What b e a r i n g  do t h e s e  f i n d i n g s  have on t h e  p u r p o r t e d  e v i -  

dence  of  e x t r a t e r r e s t r i a l  l i f e  i n  t h e  O r g u e i l  m e t e o r i t e  (12)?  

We wish  t o  s t a t e  w i t h  emphasis  t h a t  sample #9519 is t h e  o n l y  

s t o n e  o f  t h e  O r g u e i l  shower f o r  which w e  have ev idence  o f  

a l t e r a t i o n  by human i n t e r v e n t i o n .  W e  have no r e a s o n  t o  b e l i e v e  

t h a t  t h e  O r g u e i l  meteorite s a m p l e s  i n  which Nagy e t  a1 (12)  

c la imed t o  have found e v i d e n c e  o f  e x t r a t e r r e s t r i a l  l i f e  ( b i o g e n i c  

hydrocarbons  and "o rgan ized  e lements" )  were s i m i l a r l y  a l t e r e d  

and con tamina ted .  W e  have  argued i n  p r e v i o u s  p u b l i c a t i o n s  (13) 

t h a t  t h e  o r g a n i z e d  e l emen t s  f e l l  i n t o  two s h a r p l y  d i s t i n c t  

classes. P a r t i c l e s  o f  t h e  f i r s t  c lass  are scarce,  and a l t h o u g h  

t h e y  do  have a s t r i k i n g l y  b iogen ic  appea rance ,  t h e y  s t r o n g l y  

resemble common a i r b o r n e  con taminan t s  ( e . g .  ragweed and j u n i p e r  

p o l l e n ,  f l y  a s h  and starch g r a i n s ) .  These con taminan t s  appea r  

t o  have  been a c c i d e n t a l l y  acqu i r ed  i n  t h e  l a b o r a t o r y  of Nagy 

e t  a l .  Ragweed, i n  p a r t i c u l a r ,  i s  a Nor th  American p l a n t ,  and 

c a n  h a r d l y  have e n t e r e d  t h e  meteorite d u r i n g  s t o r a g e  i n  a 

European museum. Microscopic  examinat ion  of  t h e  #9519 s t o n e  

f a i l e d  t o  show a s i g n i f i c a n t  c o n c e n t r a t i o n  of  such  h i g h l y  s t r u c -  

t u r e d  p a r t i c l e s .  I n s t e a d  w e  saw o n l y  t h e  other  abundant  c lass  



-12- 

of  o r g a n i z e d  e l emen t s :  g reen i sh -ye l low,  vague ly  rounded p a r t i -  

c les  t h a t  w e  had p r e v i o u s l y  observed i n  o t h e r ,  uncontaminated  

spec imens  of  O r g u e i l .  We had always m a i n t a i n e d  t h a t  t h e s e  

p a r t i c l e s ,  w h i l e  undoubtedly  ind igenous ,  were n o t h i n g  b u t  

m i n e r a l  g r a i n s .  T h i s  p o i n t  of view h a s  now been confirmed by 

e l e c t r o n  microprobe  a n a l y s i s  (141, which shows these p a r t i c l e s  

t o  c o n s i s t  e i t h e r  of  l i m o n i t e  o r  of  a h y d r a t e d  s i l i c a t e  i n d i s -  

t i n g u i s h a b l e  from t h e  m i n e r a l  m a t r i x  of t h e  m e t e o r i t e .  Nagy 

e t  a1 a t tach  much impor tance  t o  t h e  f a c t  t h a t  t h e  l i m o n i t e  con- 

t a i n s  s e v e r a l  p e r c e n t  of n i c k e l  and c h l o r i n e ,  b u t  i t  s o  happens 

t h a t  these two e l e m e n t s  are a l s o  p r e s e n t  i n  l i m o n i t i c  r u s t  o f  

weathered  i r o n  meteorites (15 ) .  T h i s  s i m i l a r i t y  i n  compos i t ion  

may p o i n t  t o  a s i m i l a r i t y  i n  o r i g i n .  The o r g a n i z e d  e l e m e n t s  

may once  have been metal g r a i n s  which became o x i d i z e d  t o  

l i m o n i t e  d u r i n g  t h e  p r e t e r r e s t r i a l  "aqueous s t a g e "  ( 2 )  t h a t  p ro-  

duced t h e  d o l o m i t e  and epsomi te .  

The hydrocarbons ,  o c c u r r i n g  a t  a l e v e l  o f  s e v e r a l  thousand 

ppm, are  d e f i n i t e l y  i n d i g e n o u s ,  as p o i n t e d  o u t  i n  an ea r l i e r  

p u b l i c a t i o n  (16 ) .  But i t  was a l s o  n o t e d  t h a t  one cannot  be 

e q u a l l y  c e r t a i n  of c o n s t i t u e n t s  i n  t h e  1-10 ppm range .  T h i s  

p o i n t  g a i n s  a d d i t i o n a l  emphasis f rom t h e  o b s e r v a t i o n s  r e p o r t e d  

i n  t h i s  pape r .  

To a l l a y  any s u s p i c i o n s  t h a t  t h e  c o n t a m i n a t i o n  w a s  t h e  

work o f  one o r  s e v e r a l  of t h e  p r e s e n t  a u t h o r s  w e  w i s h  t o  c i t e  

t w o  f a c t s .  F i r s t ,  t h e  p l a n t  f ragments  were i n d e p e n d e n t l y  d i s -  

c o v e r e d  by D r .  Deunff i n  a n o t h e r  p o r t i o n  of t h e  #9519 s t o n e .  
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Second, a l l  r e c e n t  claims for  e x t r a t e r r e s t r i a l  l i f e  i n  mete- 

or i tes  were based on hydrocarbons and m i c r o s t r u c t u r e s .  A 

hoax e x c l u d i n g  t h e s e  two, b u t  i n c l u d i n g  c o a l ,  p l a n t  f r agmen t ,  

and p r o t e i n s  makes l i t t l e  sense i n  t h e  p r e s e n t  c o n t r o v e r s y ,  

though i t  might  have made a good d e a l  o f  s e n s e  i n  a s imilar  

c o n t r o v e r s y  a c e n t u r y  ago. 

We have k e p t  i n  c l o s e  communication w i t h  P r o f .  Nagy and 

are s a t i s f i e d  t h a t  h i s  m a t e r i a l  has n o t  been s i m i l a r l y  a l tered.  

N e v e r t h e l e s s ,  these o b s e r v a t i o n s  p o i n t  t o  t h e  p o s s i b i l i t y  t h a t  

a n o t h e r  contaminated  O r g u e i l  s t o n e  may e x i s t  somewhere. A l l  

t h e  O r g u e i l  s t o n e s  now k e p t  i n  museums passed  t h r o u g h  t h e  

Montauban Museum a t  one t i m e ,  s i n c e  t h e  l a t t e r  a c t e d  as a c lear-  

i n g  house  f o r  t h e  d i s t r i b u t i o n  of t h e  meteorite. I t  is n o t  

a l t o g e t h e r  improbable  t h a t  a f e w  other  s t o n e s  were s i m i l a r l y  

a l t e r e d  a t  t h a t  t i m e ,  and are n o t  q u i e t l y  r e p o s i n g  i n  some 

Museum, We hope t h a t  t h e  c r i t e r i a  d e s c r i b e d  i n  t h i s  paper  w i l l  

make it  p o s s i b l e  t o  r e c o g n i z e  s u c h  material ( 1 7 ) .  

Edward Anders 
Eugene R.  DuFresne 
Ryoichi  Hayatsu 

E n r i c o  Fermi I n s t i t u t e ,  U n i v e r s i t y  
of Chicago,  Chicago, I l l i n o i s  60637 
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Mus6e d ' l l i s t o i r e  N a t u r e l l e  d e  
Montauban (Tarn-et-Garonne) ,  F rance  

Ann DuFresne 

Dept.  o f  Chemis t ry ,  Georgetown 
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Notes and Refe rences  

A c t u a l l y ,  t h e  s o i l  i n  t h e  r e g i o n  of  O r g u e i l  and Campsas is 

w h i t i s h  or whi t i sh -ye l low.  I t  

and c o n s i s t s  l a r g e l y  of minute 

d i amet er . 
E.  R. DuFresne and E .  Anders.  

26,  1085-1114 (1962) 
_. 

is ve ry  poor  i n  humic mater ia l  

q u a r t z  g r a i n s ,  20-1OOp i n  

Geochim. e t  Cosmochim. Acta 

The i d e n t i f i c a t i o n  a s  Juncus was proposed i n d e p e n d e n t l y  by 

R .  Ross of t h e  B r i t i s h  Museum. 

We are  indeb ted  t o  R.  Gordon f o r  per forming  t h e s e  p r e l i m i n a r y  

tests. 

To o b t a i n  t h e  amino a c i d  f r a c t i o n s ,  t h e  samples  were e x t r a c t e d  

w i t h  water i n  a S o x h l e t  e x t r a c t o r  f o r  24 h r s .  Both f r a c t i o n s  

were t e s t e d  f o r  p r o t e i n s  and p e p t i d e s  by I .  R.  s p e c t r o s c o p y  

and t h e  b i u r e t  c o l o r  r e a c t i o n .  Only t h e  #9519 ex t rac t  gave 

a p o s i t i v e  t e s t .  I t  w a s  t h e r e f o r e  hydro lyzed  w i t h  20% HC1 

f o r  8 h r s .  a t  12OoC. Both f r a c t i o n s  were s e p a r a t e d  from 

i n o r g a n i c  s a l t s  on a Dowex-50 c a t i o n  exchange column. 

I .  R. Kaplan, E. T.  Degens, and J. H. R e u t e r .  Geochim. e t  

Cosmochim. Acta 27, 805-834 (1963) 

J. P.  Mathieu e t  a l .  S e l e c t e d  C o n s t a n t s  of  O p t i c a l  R o t a t o r y  

Power. 111. Amino Acids .  Pergamon P r e s s ,  London (1959) .  

M r .  Walter S u l l i v a n  of  t h e  New York T i m e s  k i n d l y  brought  t h i s  

- 

- 

f a c t  t o  our a t t e n t i o n .  

S. C l o z z ,  C .  R. Acad. S c i .  P a r i s  - 58,  986-988 (1864) 

M .  P e y r i d i e u ,  Le C o u r r i e r  d e  Tarn-et-Garonne, May 1 7 ,  1864. 

We are g r a t e f u l  t o  D r .  C.  C .  Herrmann f o r  a s s i s t a n c e  i n  t h i s  

s e a r c h .  



F i g u r e  C a p t i o n s  

F ig .  1. O r i g i n a l  l a b e l  of  Orgue i l  m e t e o r i t e  spec imens  #9419 and 

9420 from Montauban N a t u r a l  H i s t o r y  Museum. 

F ig .  2. L a r g e s t  f ragment  of  s t o n e  #9419. F = " f u s i o n  c r u s t "  

S c a l e  bar:  1 c m  ( a p p r o x i m a t e l y ) .  

F i g .  3a. Seed c a p s u l e  embedded i n  m e t e o r i t e  f r agmen t .  Arrow 

p o i n t s  t o  p r o t r u d i n g  s t e m .  S c a l e  bar:  2 mm on t h i s  and a l l  

f o l l o w i n g  pho tographs .  

F i g .  3b. Same, end view. 

F i g .  4.  Another  c a p s u l e  of  t h e  same kind .  I t  w a s  o r i g i n a l l y  

v e r y  d e e p l y  embedded, and became exposed o n l y  when some of  

t h e  o v e r l y i n g  material  had f laked  o f f .  Note m e t e o r i t i c  mater ia l  

i n  i n t e r i o r  of  c a p s u l e  ( a r row) .  

F ig .  5. Seed c a p s u l e  of a n o t h e r  genus ,  and two coal f r agmen t s  

found among d i s i n t e g r a t e d  meteorite material. 

F i g .  6 a ,  b. Two views of t h e  reed, Juncus  cong lomera tus .  Compare 

seed c a p s u l e  marked by ar row w i t h  F i g u r e s  3a, b and 4 .  

F i g .  7 .  Amino acid c o n t e n t  of water e x t r a c t  f rom normal O r g u e i l  

and #9519 s t o n e .  The i n d i v i d u a l  a c i d s  are i d e n t i f i e d  by t h e  

i t a l i c i z e d  p o r t i o n s  of  t h e i r  names, as f o l l o w s :  a l a n i n e ,  

B-a l an ine ,  -- a r g i n i n e ,  
.__ 

a s p a r t i c  a c i d ,  - g l u t a m i c  ac id ,  - g l y c i n e ,  - 
h i s t i d i n e ,  h y d r o x y p r o l i n e ,  i s o - l e u c i n e ,  l e u c i n e ,  l y s i n e ,  

- m e t h i o n i n e ,  o r n i t h i n e ,  p h e n y l a l a n i n e ,  p r o l i n e ,  s e r i n e ,  t h r e o n i n e ,  

- - -  - - - - - 

- - - - - P 

- t y r o s i n e ,  v a l i n e .  Not d e t e c t e d  were: t r y p t o p h a n ,  n o r l e u c i n e ,  - 
n o r v a l i n e ,  s a r c o s i n e ,  and c y s t i n e .  Four amino ac ids ,  a r g i n i n e ,  
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Fig .  1. O r i g i n a l  l a b e l  o f  Orgue i l  m e t e o r i t e  spec imens  #9419 and 

9420 from Montauban N a t u r a l  H i s t o r y  Museum. 

F ig .  2. L a r g e s t  f ragment  of s t o n e  #9419. F = " f u s i o n  c r u s t "  

S c a l e  b a r :  1 c m  ( approx ima te ly ) .  

F ig .  3a. Seed c a p s u l e  embedded i n  m e t e o r i t e  f r agmen t .  A r r o w  

p o i n t s  t o  p r o t r u d i n g  s t e m .  S c a l e  bar: 2 mm on t h i s  and a l l  

f o l l o w i n g  photographs .  

F ig .  3b. Same, end view. 

F ig .  4 .  Another  c a p s u l e  of t h e  same k i n d .  I t  w a s  o r i g i n a l l y  

v e r y  d e e p l y  embedded, and became exposed o n l y  when some of  

t h e  o v e r l y i n g  material  had f l a k e d  o f f .  N o t e  meteorit ic material 

i n  i n t e r i o r  of  c a p s u l e  ( a r row) .  

F ig .  5. Seed c a p s u l e  o f  a n o t h e r  genus ,  and two c o a l  f r a g m e n t s  

found among d i s i n t e g r a t e d  meteorite material .  

F ig .  6 a ,  b. Two views of t h e  reed,  Juncus  cong lomera tus .  Compare 

seed c a p s u l e  marked by ar row w i t h  F i g u r e s  3a, b and 4 .  

Fig .  7.  Amino ac id  c o n t e n t  of water e x t r a c t  from normal O r g u e i l  

and #9519 s t o n e .  The i n d i v i d u a l  acids are i d e n t i f i e d  by t h e  

i t a l i c i z e d  p o r t i o n s  of t h e i r  names, as f o l l o w s :  a l a n i n e ,  

B-a l an ine ,  a r g i n i n e ,  a s p a r t i c  a c i d ,  g l u t a m i c  ac id ,  g l y c i n e ,  

h i s t i d i n e ,  h y d r o x y p r o l i n e ,  i s o - l e u c i n e ,  l e u c i n e ,  l y s i n e ,  

- m e t h i o n i n e ,  - o r n i t h i n e ,  p h e n y l a l a n i n e ,  p r o l i n e ,  s e r i n e ,  t h r e o n i n e ,  

-- - - - - 
- - - - - -  - - 

- - - - 
- t y r o s i n e ,  v a l i n e .  Not detected were: t r y p t o p h a n ,  n o r l e u c i n e ,  

n o r v a l i n e ,  s a r c o s i n e ,  and c y s t i n e .  Four amino ac ids ,  a r g i n i n e ,  

- 
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aspart ic  ac id ,  p r o l i n e ,  and p a r t i c u l a r l y  h y d r o x y p r o l i n e  are 

enhanced w e l l  beyond t h e  g e n e r a l l y  increased l e v e l  i n  t h e  #9519 

s t o n e .  T h i s  s u g g e s t s  con tamina t ion  w i t h  a w a t e r - s o l u b l e  

p r o t e i n .  
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